The fumigant action of peel essential oils of Citrus sinensis var. pear (pear orange = PO) and C. aurantium (bitter orange = BO) from the northeast of Brazil were evaluated against Bemisia tabaci biotype B and compared with eugenol as a positive control. The oil concentration in the PO at 8.5 μL/L of air caused 97% mortality, while the oil concentration of BO at 9.5 μL/L of air caused 99% mortality. However, the LC 50 estimates for both oils (LC 50 = 3.80 μL/L of air for PO and LC 50 = 5.80 μL/L of air for BO) did not differ from each other, but they did when compared with eugenol (LC 50 = 0.20 μL/L of air). Regarding their effects on oviposition, the Citrus oils showed concentration-response dependence, reducing the number of eggs as the concentration increased, which was not observed for eugenol. The minimum concentrations of the oils that caused a significant reduction in the egg lay were 3.5 and 7.0 μL/L of air for BO and PO, respectively. These results suggest that oils from PO and BO peels may be promising as models to develop new insecticides that might be applied into the integrated management of whiteflies.
Currently, the whitefly, Bemisia tabaci biotype B is a major pest of vegetables, fruit trees, and ornamental plants throughout Brazil. For irrigated crops in the Petrolina County area, Pernambuco State, this pest has caused extensive damage in cultures of melons, grapes, tomatoes, beans, and pumpkins [1] . Because of the indiscriminate and heavy use of conventional insecticides to minimize this damage to the crops, the pest has apparently evolved resistance to these insecticides with relative ease [2] . Another drawback from using these insecticides is related to the residues that can be harmful to consumers and the environment. Biorational products with presumed lower mammalian toxicity and persistence in the environment have been considered as new tools for pest control practices. In particular, essential oils extracted from plants have been widely tested as alternatives to the synthetic insecticidal/acaricidal compounds [3] [4] [5] . This is the case with the essential oils from Citrus species that have been studied because of their insecticidal properties towards many arthropods [6] , although no record has been described so far for B. tabaci control.
The main Citrus species cultivated in Brazil are oranges, popularly known as "pear orange" (C. sinensis var. Pear), and "bitter orange (C. aurantium) due to their consumption either "in natura" or in the form of juice. Recently, our research group reported the acaricide activity and chemical composition of essential oils from the peels of these species [7] . In the current work, the fumigant toxicities and oviposition deterrent effect of the essential oils of fruit peels from C. sinensis var. pear and C. aurantium cultivated in northeast Brazil towards B. tabaci were evaluated in the laboratory. The results were compared with the oviposition deterrence and lethal activity of eugenol. Citrus essential oils and eugenol were toxic to adults of B. tabaci. According to Figure 1 , the oil from C. sinensis var. pear caused 97% mortality at 8.5 μL/L of air, while 9.5 µL/L of air of C. aurantium oil was responsible for 99% mortality. Differently, exposure to eugenol vapors caused 100% mortality at a concentration that was about 8-to 9-times smaller than those used for the PO and BO oils, respectively. Aslan et al. [8] tested essential oils of three species of Lamiaceae to control B. tabaci, and found that Satureja hortensis oil caused 100% adult mortality at 3.125 μL/L of air for 96 hours, a period much longer than that used with Citrus oils in the current study. The susceptibility of B. tabaci adults was also investigated by Calmasur et al. [9] with essential oils of Lamiaceae species. The best result caused 96.7% mortality after five days exposure to Micromeria fruticosa at an oil concentration of 2.0 μL/L of air.
The estimates for the LC 50 and LC 90 of Citrus oils and eugenol are shown in Table 1 . The LC 50 values of Citrus oils and eugenol ranged from 0.20 to 5.80 μL/L of air. Adults of B. tabaci were more susceptible to eugenol when compared with the Citrus oils. Concerning the LC 50 confidence intervals, the results presented in Table 1 show that the Citrus oils were not statistically different from each other. Based on the method described by Robertson & Preisler [10] , the Citrus oils presented a significant toxicity ratio (Table 1 ). Figure 2 shows the concentration-mortality curves for the Citrus oils and eugenol. The higher slope estimates for the Citrus oils suggest higher response uniformity. Nevertheless, concentration estimates were lower for The average number of B. tabaci eggs exposed to Citrus oil vapors and eugenol is shown in Figure 3 . Citrus oils caused a significant reduction in oviposition compared with the control. The same was not observed for eugenol. Comparing the oviposition data from the evaluated oils with that of the control, it was found that the minimum concentrations of the oils to cause a significant reduction in the egg lay were 3.5 and 7.0 μL/L of air for BO and PO, respectively. Although the oils of Citrus did not apparently act as a deterrent to oviposition, they significantly reduced the egg lay by B. tabaci. The essential oils from Citrus species peels were shown here to have insecticidal properties. According to previous chemical investigations, the peel oils from C. sinensis var pear and C. aurantium had as their main chemical components limonene, myrcene, linalool and α-pinene [7] .
The literature contains records of the insecticidal activities of some of these compounds against several agricultural pests. For example, the monoterpene limonene was toxic as a fumigant at a concentration of 35.5 μL/L of air and showed 96.7% and 94.9% mortality towards Rhyzopertha dominica and Tribolium castaneum, respectively [11] . In another study, Coats et al. [12] found that Sitophylus oryzae after 24 hours exposure to myrcene showed a lower LC 50 than 100 mL/L of air. α-Pinene and linalool were found to be toxic against 4 th instar larvae of the mosquito Culex pipiens molestus with LC 50 estimates of 47 mg/L and 193 mg/L, respectively [13] . Therefore, the toxicity of the Citrus peel oils evaluated here could be attributed to their chemical components.
Insecticidal n = number of insects tested, SEM = Standard Error of the Mean, χ 2 = Chi-square, d.f = degree of freedom, LC = Lethal Concentration, C.I. = Confidence Interval, TR = Toxicity Ratio; *TR was significant according to the method described by Robertson & Preisler. Column followed by the same letters are not significant (p<0.05). These are the first records of the fumigant action of essential oils from species of Citrus against B. tabaci. This study demonstrated that orange peel essential oils were effective against adult B. tabaci by fumigation. Because of the nature of fumigation tests, the oils' mode of delivery was likely to be via the respiratory route, although their exact modes of action are still to be elucidated. In particularly, C. sinensis var pear and C. aurantium showed potential insecticidal activity, but they were less effective than eugenol, which was used as a positive control. Nevertheless, the Citrus oils were faster in their response compared with eugenol, suggesting that their components may interact faster with Bemisia tabaci biotype B rapidly reducing the population.
The lethal effect associated with the potential of reducing oviposition suggests that these oils could be an alternative in the management of B. tabaci, particularly in greenhouses, as well as in floriculturists' packing houses. Most importantly, the identification of new molecules with insecticide potential may serve as a model for further chemical modification to increase the stability and potency, as well as for the generation of other products that could be applied not only to control Bemisia tabaci, but also other important agricultural pests. Therefore, isolation of components and their toxicities are essential to reach these objectives. Additionally, further research is required on safety issues, not only for human health, but also for the environment, and on formulations that better fit each particular application and benefit. 
Experimental

Isolation of essential oil:
The essential oils from each species were separately isolated from fresh fruit peels (100 g) using a modified Clevenger-type apparatus by hydrodistillation for 2h, in triplicate. The oil layers were dried over anhydrous Na 2 SO 4 , stored in hermetically closed amber containers, and kept under refrigeration at +5°C. The total oil yield was expressed as a percentage (g/100g of fresh fruit material).
Rearing of Bemisia tabaci biotype B:
Cabbage leaves containing pupae of B. tabaci biotype B were obtained, after identification, from the Campinas Agronomic Institute, São Paulo. Leaves infested with different life stages of the insect were placed on common bean (Phaseolus vulgaris) plants (cultivar Carioca) in greenhouses at the Department of Agronomy, UFRPE.
Chemicals: Eugenol was purchased from Sigma Aldrich Corp.
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Fumigation bioassays:
The fumigation method used in the experiments was established by Aslan et al. [8] with modifications. Glass containers with 1.0 L capacity were used as fumigation chambers. Leaflets from the common bean cultivar Carioca, collected 25 to 40 days after the seeds had been sown, were used as supports. To keep leaflet turgor, they were placed in penicillinlike vials (5 cm height) with cotton plugs moistened with distilled water, then transferred to the fumigation chamber. With the aid of a vacuum adapter, about 15 pairs of whitefly were placed in each fumigation chamber. At the center of the inner side of the fumigation chamber lid was attached a filter paper strip (5 x 2 cm) that worked by releasing the oil that was being evaluated. Different oil and eugenol concentrations were added with the aid of an automatic pipette. The concentrations ranged from 2.5 to 9.5 μL/L of air for Citrus oils and 0.04 to 1.0 μL/L of air for eugenol. To avoid direct contact of the insects with the filter paper, the fumigation chamber opening was surrounded by a piece of voile. Nothing was applied in the control treatment. Immediately after application of the oils, the fumigation chamber was properly sealed. A completely randomized design was performed and 3 repetitions were used for each concentration. The insects were exposed to oil vapors for 24 h after completing the bioassays from which mortality and oviposition deterrence data were recorded. The insects were considered dead if unable to react to a light touch with a soft brush.
Statistical analysis: Mortality data were corrected by the Abbott's formula [14] . The mortality and deterrence of oviposition data were subjected to transformation (√x+0.5) to obtain the normality and homogeneity of variance. After meeting these assumptions (PROC Univariate and GLM), mortality data and oviposition deterrence were submitted to ANOVA (PROC Anova). Means were compared by Tukey's test at 5% probability (p<0.05) using SAS software (version 9.0) [15] . To estimate the curve slopes, LC 50 and LC 90 of each Citrus oils and eugenol, mortality data were submitted to PROBIT analysis using POLO-PC software [16] .
